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Numerous experiments and observations have conﬁrmed the existence of a dynamical
3-space, detectable directly by light-speed anisotropy experiments, and indirectly by
means of novel gravitational eects, such as bore hole g anomalies, predictable black
hole masses, ﬂat spiral-galaxy rotation curves, and the expansion of the universe, all
without dark matter and dark energy. The dynamics for this 3-space follows from a
unique generalisation of Newtonian gravity, once that is cast into a velocity formalism.
This new theory of gravity is applied to the solar model of the sun to compute new
density, pressure and temperature proﬁles, using polytrope modelling of the equation of
state for the matter. These results should be applied to a re-analysis of solar neutrino
production, and to stellar evolution in general.
1 Introduction
It has been discovered that Newton’s theory of gravity [1]
missed a signiﬁcant dynamical process, and a uniquely de-
termined generalisation to include this process has resulted
in the explanation of numerous gravitational anomalies, such
as bore hole g anomalies, predictable black hole masses, ﬂat
spiral-galaxy rotation curves, and the expansion of the uni-
verse, all without dark matter and dark energy [2–4]. This
theoryofgravityarisesfromthedynamical3-space, described
by a dynamical velocity ﬁeld, when the Schr¨ odinger equation
is generalised to take account of the propagation of quantum
matter in the dynamical 3-space. So gravity is now an emer-
gent phenomenon, together with the equivalence principle.
The dynamical 3-space has been directly observed using
various light-speed anisotropy experiments, dating from the
1stdetectionby Michelson andMorleyin 1887[5,6], givinga
speed in excess of 300 km/s, after re-calibrating the gas-mode
interferometer for actual length contraction eects, to the lat-
est using spacecraft earth-ﬂyby Doppler shift data [7]. Over-
all these experiments reveal that relativistic eects are caused
by the absolute motion of rods and clocks wrt the dynamical
3-space, essentially Lorentzian Relativity (LR), rather than
the Special Relativity (SR) formalism, which has recently
been shown by means of an exact change of space and time
variables, to be equivalent to Galilean Relativity [8].
Here we apply the new gravity theory to the internal dy-
namics of the sun, and compute new density, pressure and
temperature proﬁles, using the polytrope model for the equa-
tion of state of the matter. These results should then be ap-
plied to a re-analysis of neutrino production [9]. In general
the Newtonian-gravity based standard model of stellar evolu-
tion also needs re-examination.
2 Dynamical 3-Space
Newton’s inverse square law of gravity has the dierential
form
r  g =  4G; r  g = 0; (1)
for the acceleration ﬁeld g(r;t), assumed to be fundamental
and existing within Newton’s model of space, which is Eu-
clidean, static, and unobservable. Application of this to spiral
galaxies and the expanding universe has lead to many prob-
lems, including, in part, the need to invent dark energy and
dark matter. However (1) has a unique generalisation that
resolves these and other problems. In terms of a velocity ﬁeld
v(r;t) (1) has an equivalent form [2,3]
r 
 
@v
@t
+ (v  r)v
!
=  4G; r  v = 0; (2)
where now
g =
@v
@t
+ (v  r)v; (3)
is the well-known Galilean covariant Euler acceleration of the
substratum that has velocity v(r;t). Because of the covariance
of g under a change of the spatial coordinates only relative in-
ternal velocities have an ontological existence — the coordi-
nates r then merely deﬁne a mathematical embedding space.
We give a brief review of the concept and mathemati-
cal formalism of a dynamical ﬂowing 3-space, as this is of-
ten confused with the older dualistic space and aether ideas,
whereinsomeparticulateaetherislocatedandmovingthrough
an unchanging Euclidean space — here both the space and
The Friedmann equation for the expanding universe follow trivially
from (1), as shown in [4], but then needs “dark matter” and “dark energy” to
ﬁt the cosmological data.
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the aether were viewed as being ontologically real. The dy-
namical 3-space is dierent: here we have only a dynamical
3-space, which at a small scale is a quantum foam system
without dimensions and described by fractal or nested homo-
topic mappings [2]. This quantum foam is not embedded in
any space — the quantum foam is all there is, and any met-
ric properties are intrinsic properties solely of that quantum
foam. At a macroscopic level the quantum foam is described
by a velocity ﬁeld v(r;t), where r is merely a [3]-coordinate
within an embedding space. This embedding space has no
ontological existence — it is merely used to (i) record that
the quantum foam has, macroscopically, an eective dimen-
sion of 3, and (ii) to relate other phenomena also described by
ﬁelds, at the same point in the quantum foam. The dynamics
for this 3-space is easily determined by the requirement that
observables be independent of the embedding choice, giving,
for zero-vorticity dynamics and for a ﬂat embedding space,
and preserving the inverse square law outside of spherical
masses, at least in the usual cases, such as planets,
r 
 
@v
@t
+ (v  r)v
!
+

8

(trD)2   tr(D2)

=  4G;
r  v = 0; Dij =
1
2
 
@vi
@xj
+
@vj
@xi
!
; (4)
where (r;t) is the matter and EM energy densities, expressed
as an eective matter density. Borehole g measurements and
astrophysical black hole data has shown that   1=137 is the
ﬁne structure constant to within observational errors [2,3,10].
For a quantum system with mass m the Schr¨ odinger equation
is uniquely generalised [10] with the new terms required to
maintain that the motion is intrinsically wrt the 3-space, and
not wrt the embedding space, and that the time evolution is
unitary:
i~
@ (r;t)
@t
=  
~2
2m
r2 (r;t)   i~
 
v  r +
1
2
r  v
!
 (r;t): (5)
The space and time coordinates ft; x;y;zg in (4) and (5) ensure
that the separation of a deeper and uniﬁed process into dier-
ent classes of phenomena — here a dynamical 3-space (quan-
tum foam) and a quantum matter system, is properly tracked
and connected. As well the same coordinates may be used by
an observer to also track the dierent phenomena. However
it is important to realise that these coordinates have no onto-
logical signiﬁcance — they are not real. The velocities v have
no ontological or absolute meaning relative to this coordinate
system — that is in fact how one arrives at the form in (5),
and so the “ﬂow” is always relative to the internal dynamics
of the 3-space. A quantum wave packet propagation analy-
sis of (5) gives the acceleration induced by wave refraction to
be [10]
g =
@v
@t
+ (v  r)v + (r  v)  vR;
vR(ro(t);t) = vo(t)   v(ro(t);t); (6)
where vR is the velocity of the wave packet relative to the lo-
cal 3-space, and where vo and ro are the velocity and position
relative to the observer, and the last term in (6) generates the
Lense-Thirring eect as a vorticity driven eect. Together
(4) and (6) amount to the derivation of gravity as a quantum
eect, explaining both the equivalence principle (g in (6) is
independent of m) and the Lense-Thirring eect. Overall we
see, on ignoring vorticity eects, that
r  g =  4G   4GDM; (7)
where
DM =

32G

(trD)2   tr(D2)

: (8)
This is Newtonian gravity but with the extra dynamical term
which has been used to deﬁne an eective “dark matter” den-
sity. This is not real matter, of any form, but is the matter den-
sity needed within Newtonian gravity to explain the ﬂat rota-
tion curves of spiral galaxies, large light bending and lensing
eects from galaxies, and other eects. Here, however, it is
purely a space self-interaction eect. This new dynamical ef-
fect also explains the bore hole g anomalies, and the black
hole “mass spectrum”. Eqn.(4), even when  = 0, has an
expanding universe Hubble solution that ﬁts the recent su-
pernovae data in a parameter-free manner without requiring
“dark matter” nor “dark energy”, and without the accelerat-
ing expansion artifact [4]. However (7) cannot be entirely
expressed in terms of g because the fundamental dynamical
variable is v. The role of (7) is to reveal that if we analyse
gravitational phenomena we will usually ﬁnd that the matter
density  is insucient to account for the observed g. Until
recently this failure of Newtonian gravity has been explained
awayasbeingcausedbysomeunknownandundetected“dark
matter” density. Eqn.(7) shows that to the contrary it is a
dynamical property of 3-space itself. Signiﬁcantly the quan-
tum matter 3-space-induced ‘gravitational’ acceleration in (6)
also follows from maximising the elapsed proper time wrt the
wave-packet trajectory ro(t), see [2],
 =
Z
dt
s
1  
v2
R(ro(t);t)
c2 ; (9)
and then taking the limit vR=c ! 0. This shows that (i) the
matter ‘gravitational’ geodesic is a quantum wave refraction
eect, with the trajectory determined by a Fermat maximised
proper-time principle, and (ii) that quantum systems undergo
a local time dilation eect. Signiﬁcantly the time dilation ef-
fect in (9) involves matter motion wrt the dynamical 3-space,
and not wrt the observer, and so distinguishing LR from SR.
A full derivation of (9) requires the generalised Dirac equa-
tion, with the replacement @=@t ! @=@t + v  r, as in (5). In
dierential form (9) becomes
d2 = gdxdx = dt2  
1
c2(dr   v(r(t);t)dt)2; (10)
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which introduces a curved spacetime metric g that emerges
from (4). However this spacetime has no ontological signif-
icance — it is merely a mathematical artifact, and as such
hides the underlying dynamical 3-space. This induced met-
ric is not determined by the Einstein-Hilbert equations, which
originated as a generalisation of Newtonian gravity, but with-
out the knowledge that a dynamical 3-space had indeed been
detected by Michelson and Morley in 1887 by detecting light
speed anisotropy. In special circumstances, and with  = 0,
they do yield the same eective spacetime metric. However
the dynamics in (4) is more general, as noted above, and has
passed more tests.
3 New Gravity Equation for a Spherically Symmetric
System
For the case of zero vorticity the matter acceleration in (6)
gives
g(r;t) =
@v
@t
+
rv2
2
(11)
For a time independent ﬂow we introduce a generalised grav-
itational potential, which gives a microscopic explanation for
that potential,
(r) =  
v2
2
: (12)
For the case of a spherically symmetric and time independent
inﬂow we set v(r;t) =  ˆ rv(r), then (4) becomes, with v0 =
dv=dr,

2r
 
v2
2r
+ vv0
!
+
2
r
vv0 + (v0)2 + vv00 =  4G (13)
which can be written as
1
r2
d
dr
 
r2  
2 d
dr

r

2
!
= 4G (14)
This form suggests that the new dynamics can be incorpo-
rated into the space metric, in that the 3-space -term appears
to lead to a fractal dimension of 3   =2 = 2:996, see [10].
The velocity ﬂow description of space is completely equiva-
lent to Newtonian gravity when the  dependent term in (4) is
removed. In this case setting  = 0 reduces (14) to the Pois-
son equation of Newtonian gravity for the case of spherical
symmetry.
4 Solutions to New Gravity Equation for Non-Uniform
Density
The solutions to (14) for a uniform density distribution are
published in [2]. For variable density (r) the exact solution
to (14) is
(r) =  

r

2
 
G
(1   
2)r
Z r
0
4s2(s)ds
 
G
(1   
2)r

2
Z 1
r
4s1+ 
2(s)ds; (15)
When (r) = 0 for r > R, this becomes
(r) =
8
> > > > > > > > > > > > > <
> > > > > > > > > > > > > :
 

r

2
 
G
(1   
2)r
Z r
0
4s2(s)ds
 
G
(1   
2)r

2
Z R
r
4s1+ 
2(s)ds; 0 < r  R
 

r

2
 

r
; r > R
(16)
where
 =
G
(1   
2)
Z R
0
4s2(s)ds =
GM
(1   
2)
(17)
Here M isthe totalmatter mass, and isa freeparameter. The
term =r=2 describes an inﬂow singularity or “black hole”
with arbitrary strength. This is unrelated to the putative black
holes of General Relativity. This corresponds to a primor-
dial black hole. As well the middle term in (16) also has a
1=r=2 inﬂow-singularity, but whose strength is mandated by
the matter density, and is absent when (r) = 0 everywhere.
This is a minimal “black hole”, and is present in all matter
systems. The =r=2 term will produce a long range gravita-
tional acceleration g = =r1+=2, as observed in spiral galax-
ies. For the region outside the sun (r > R) Keplerian orbits are
known to well describe the motion of the planets within the
solar system, apart from some small corrections, such as the
Precession of the Perihelion of Mercury, which follow from
relativistic eects from (9). Thus is the case  = 0, and the
sun has only an induced ‘Minimal Attractor’. These minimal
black holes contribute to the external g = K=r2 gravitational
acceleration, through an eective mass
MBH =
M
1   
2
  M =

2
M
1   
2


2
M (18)
as previously reported [2]. These induced black hole “ eec-
tive” masses have been detected in numerous globular clus-
tersandsphericalgalaxiesandtheirpredictedeectivemasses
have been conﬁrmed in some 19 such cases [11]. These gave
the value  = 1=137 [12]. The induced black hole dynam-
ics at the center of the sun is responsible for the new density,
pressure and temperature proﬁles computed herein.
Eqn (14) also permits a  =r term in (16). However this is not valid, as
the full [3] version of (14) would then involve a point mass at r = 0, because
r2(1=jrj) =  4(r), and in (16) all the mass is accounted for by (r). See [2]
for a detailed discussion.
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5 Polytropic Models using Dynamical 3-Space Theory
For a star to be in hydrostatic equilibrium the inward force of
gravity must match the net outward eect of the pressure,
dP
dr
=  
d
dr
 (19)
Here we use the polytrope modelling of the pressure-density
equation of state.
P = K1+ 1
n (20)
where n is the polytropic index, and K is a constant. This
was introduced by Eddington, and was extensively used by
Chandrasekhar [13–16], but these analyses only apply in the
caseofNewtoniangravity. Thenewtheoryofgravityrequires
a new treatment.
The polytropic relation between pressure and density (20)
gives
dP
dr
=
K(n + 1)
n

1
n d
dr
(21)
and (19) gives
d
dr
=  
K(n + 1)
n

1
n 1d
dr
(22)
Integration gives
 =  K(n + 1)
1
n +C (23)
Here it will be useful to deﬁne the gravitational potential
at the sun’s surface R = (R) = C as the value of the inte-
gration constant, and so we obtain for the density
 =
 
R   
K(n + 1)
!n
(24)
One of the characteristics of the new gravity is that all
spherical objects contain induced black holes. In the context
of polytrope models this presents the problem that the central
value of the potential cannot be used, as in the Lane-Emden
equation. We can however impose the polytropic condition
from (24) onto numerical solutions to iteratively solve the
problem. Multiplying (24) by 4r2 and integrating yields
M =
Z R
0
4r2dr =
Z R
0
4r2
 
R   )
K(n + 1)
!n
dr (25)
and then
K =
1
(n + 1)M1=n
 Z R
0
4r2(R   )ndr
!1=n
(26)
A new density distribution and K value can now be calcu-
lated from an initial density distribution by cycling through
Fig. 1: Gravity and density plots for a polytropic model for the sun
with n = 3. The eective dark matter distribution is shown in the
density plot.
the following relations iteratively
(r) =
 G
(1   
2)
 
1
r
Z r
0
4s2(s)ds+
+
1
r

2
Z R
r
4s1+ 
2(s)ds
!
K =
1
(n + 1)M1=n
 Z R
0
4r2(R   )ndr
!1=n
(r) =
 
R   (r)
K(n + 1)
!n
(27)
6 Polytropic Solar Models
For the sun a polytrope model with n = 3 is known to give
a good approximation to conditions in the solar core as com-
pared with the Standard Solar Model [16]. This is known as
the Eddington Standard Model. The polytrope model does
well in comparison with the Standard Solar Model [17]. To
test the calculation method, setting  = 0 should reproduce
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Fig. 2: Top graph shows dierence in density (r) between new
gravity and Newtonian modeling. Bottom graph show the dierence
in weighted density 4r2(r).
the results from the Lane-Emden equation, which is based
on Newtonian gravity. The results of starting with a uniform
density and then iteratively ﬁnding the solution agree with the
values published by Chandrasekhar [13]. The density distri-
bution also matched numerical solutions produced in Mathe-
matica to the Lane-Emden equation.
Resultsfromsolvingtheequationsin(27)iteratively, until
convergence was achieved, are shown in Figs.1-3 for various
quantities, and compared with the results for Newtonian grav-
ity. Forthenewgravity( = 1=137)weseeamarkedincrease
in the gravity strength g(r) near the center, Fig.1, caused by
the induced black hole at the center, which is characteristic
of the new gravity theory, and which draws in the matter to
enhance the matter density near the center.
The new model of gravity has been used to explain away
the need for dark matter in astrophysics [4]. Here we ﬁnd
the eective “dark matter” distribution that would need to be
added to the matter distribution to create these gravitational
eects in Newtonian Gravity. From (8) and (12) we obtain
DM(r) =  

8Gr
 

r
+
d
dr
!
: (28)
Fig. 3: The pressure and temperature in the center of the sun is pre-
dicted to be much larger in the new model.
Using (16) we then obtain
DM(r) =

2
r 2 =2
Z R
r
s1+=2(s)ds: (29)
This eective “dark matter” distribution is shown in Fig.1 for
the polytropic sun model. This then gives the total “dark mat-
ter”
MDM =
Z R
0
4r2DM(r)dr =

2
M
1   
2
(30)
in agreement with (18). The “dark matter” eect is the same
as the induced “black hole” eect, in the new gravity theory.
The matter density has increased towards the center, as
seen in Fig.2, and so necessarily there is a slightly lower mat-
ter density in the inner middle region. This eect is more
clearly seen in the plot of 4r2(r). The “dark matter”/”black
hole” eect contributes to the external gravitational acceler-
ation, and so the total mass of the sun, deﬁned as its matter
content, is lower than computed using Newtonian gravity, see
(17). The total mass is now 0:37% ( =(2   )) smaller.
The pressure and temperature generated by the new grav-
ity is shown in Fig.3. The pressure comes from the poly-
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trope relation, (20), and closely follows the density distribu-
tion. The temperature can be calculated from the ideal gas
equation, with  = 0:62 corresponding to a ratio of 7:3 of
Hydrogen to Helium, to obtain
T(r) =
Pmp
k
(31)
where mp is the mass of a proton, k is Boltzmann’s constant
and  is the mass ratio. Unlike the pressure and density, the
temperature is increased in the middle region as well as the
inner region.
7 Conclusions
The discovery of the dynamical 3-space changes most of
physics. This space has been repeatedly detected in light-
speed anisotropy experiments. The dynamics of this space
follow from a unique generalisation of Newtonian gravity,
once that is expressed in a velocity framework. Then the
gravitational acceleration ﬁeld g(r;t) is explained as the lo-
cal acceleration of the structured space, with evidence that
the structure is fractal. This space is the local absolute frame
of reference. Uniquely incorporating this space into a gen-
eralised Schr¨ odinger equation shows that, up to vorticity ef-
fects and relativistic eects, the quantum matter waves are
refracted by the space, and yield that quantum matter has the
same acceleration as that of space itself. So this new physics
provides a quantum theory derivation of the phenomenon of
gravity. The 3-space dynamics involves G and the ﬁne struc-
ture constant , with this identiﬁcation emerging from the
bore hole gravity anomalies, and from the masses of the mini-
mal “black holes” reported for globular clusters and spherical
galaxies. There are numerous other phenomena that are now
accounted for, including a parameter-free account of the su-
pernova red-shift — magnitude data. The occurrence of 
implies that we are seeing evidence of a new uniﬁed physics,
where space and matter emerge from a deeper theory. One
suggestion for this theory is Process Physics.
Herein we have reported the consequences of the new,
emergent, theory of gravity, when applied to the sun. This
theory predicts that the solar core, which extends to approxi-
mately 0.24 of the radius, is hotter, more dense and of higher
pressure than current Newtonian-gravity based models. Thus
a new study is now needed on how these changes will aect
the solar neutrino output. It is also necessary to revisit the
stellar evolution results.
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